Systematic reviews of military suicide prevention have noted these methodological problems in the epidemiological literature and have called for efforts to link multiple federal databases to address these concerns. 10, 12 The effect of combat deployments on suicide risk is an issue of national and international importance. [13] [14] [15] Two recent DoD studies 16, 17 have partially addressed these methodological limitations. However, the results on the association between suicide and deployment differed. One study 16 included only service members from the regular component of the Army and included only suicides that occurred during military service. The other study 17 included only 83 suicides from a survey sample with a low response rate. The present study examined the association between deployment and suicide among all 3.9 million service members who served in the US military from the beginning of OEF on October 7, 2001, to December 31, 2007. Suicide mortality was followed from October 7, 2001, to December 31, 2009 , regardless of separation from military service. To our knowledge, this is the most comprehensive study to date to examine suicide risk in relation to OEF/OIF deployment.
Methods

Study Population
This retrospective cohort study included all uniformed service personnel who were in the military at any time between October 7, 2001, and December 31, 2007. All service members who were in the active or reserve components of the Air Force, Army, Marine Corps, or Navy at any point between October 7, 2001, and December 31, 2007, were eligible for inclusion in the cohort. The initial population included 3 945 099 service members. Data related to service characteristics and demographics were ascertained from records provided by the Defense Manpower Data Center. 18 Data on mortality covered the cohort eligibility window and extended through December 31, 2009 . This study was reviewed and approved as a minimal risk protocol by the Western Regional Medical Command/ Madigan Army Medical Center Institutional Review Board. This protocol was also reviewed by the US Army Medical Research and Materiel Command Office of Research Protections, Human Research Protection Office, and Washington Veterans Affairs Medical Center Institutional Review Board. Because this was a retrospective study, an informed consent requirement was waived by the institutional review boards.
Exposure Variables of Deployment and Separation From Service
The primary exposure variable was a deployment in support of OEF/OIF between October 7, 2001, and December 31, 2007 . We identified deployments in the Contingency Tracking System records provided by the Defense Manpower Data Center. Deployments were defined in accord with standard DoD surveillance practice as follows: (1) a duration of at least 30 days per the parent (primary) start and end dates and (2) a separation of at least 30 days between parent deployments to distinguish 2 deployments as separate deployments. Furthermore, deployments in support of OEF and OIF were identified by having a location assignment at any time during a parent deployment to any of the following land locations: Afghanistan, Bahrain, Kuwait, Oman, Qatar, Saudi Arabia, United Arab Emirates, Yemen, Djibouti, Iraq, Kyrgyzstan, and Uzbekistan.
14 Water locations included designations for the Red Sea, Gulf of Aden, Gulf of Oman, and Arabian Sea. 14 Deployments to other locations (or in other years) were not included. The secondary exposure variable was separation from service, defined as a separation to civilian life from either the active or reserve components without a subsequent record of return to service. 19 Therefore, individuals serving in uniform with the National Guard or reserve component (eg, performing weekend training and periodic duty assignments) were considered in the military (not separated), while personnel separated to the Inactive National Guard or the Individual Ready Reserve (minimal annual requirements such as keeping personal contact information current) were considered separated. Time in service was defined as the difference between the date of a final separation from service and the pay entry base date.
Ascertainment of Deaths
The primary outcome for the study was death by suicide. We used data from the Medical Mortality Surveillance Division of the Armed Forces Medical Examiner System (AFMES) as a gold standard source of mortality data for service members. 20 The AFMES maintains the DoD Medical Mortality Registry, which tracks all deaths that occur among uniformed service members when in an active status, regardless of geographic location. The National Death Index (NDI) identified deaths in the entire cohort from October 7, 2001, to December 31, 2009 , as a secondary source. Death records in the NDI include all deaths that occurred within the United States. This source provided cause-of-death data for cohort members who were not eligible to be included in the AFMES death data because of a separation from service or because National Guard or reserve component personnel died in a nonduty status (outside the jurisdiction of the DoD). International Statistical Classification of Diseases and Related Health Problems, Tenth Revision, codes were used to identify suicides in accord with the National Vital Statistics Reports standard. 21 We examined the sensitivity of the NDI to the AFMES records among cohort members who could have been in both sources at the time of death (ie, active duty deaths that occurred in the United States). The sensitivity for the active duty subpopulation who died in the United States was 97.1%, and the overall agreement on suicide as the manner of death between the AFMES and the NDI was 98.2% (κ = 0.94, P < .001). Prior studies 17, 22 have also successfully identified military suicides with the NDI and AFMES data.
Statistical Analysis
We used extended Cox proportional hazards regression models to estimate the hazard ratios of associations between suicide and the 2 hypothesized determinants of deployment and separation from service. For the primary models, we specified a timescale of calendar time beginning at the onset of the risk window (October 7, 2001 ) and ending December 31, 2009 . Each service member entered the cohort at the beginning of the risk window or at his or her pay entry base date if he or she entered the military after the beginning of the risk window. Exit from the cohort in this model occurred at the date of death from any cause or at the end of the risk window. Deployment and separation from service were specified as time-varying exposure variables. Once a deployment occurred or the service member separated from service, that service member was considered exposed for the remainder of the risk window. We estimated the following 4 separate models: (1) any deployment, (2) one or more than 1 deployment compared with no deployment, (3) separation from service, and (4) a joint effects model of any deployment and separation from service. Models include time-invariant covariates of sex, age at cohort entry, educational attainment at cohort entry, race/ethnicity, and service branch at cohort entry. Time-varying covariates were rank and component affiliation. We also included marital status at cohort entry for all cohort members. Because we did not have the same precision of changes in marital status as of changes in military characteristics, we did not specify this as time varying. However, we used the last known status at separation from service for the time at risk after separation. We used a likelihood ratio test of effect measure modification between the primary exposure in each model and service branch. To characterize any identified effect measure modification, we estimated the 4 models separately by service branch.
As a secondary analysis, we examined service characteristics at separation as determinants of suicide rates among those who separated from the military. We used time since separation as the timescale. We estimated the following 2 models: (1) a model with the amount of time in service at the time of separation at the primary exposure and (2) a model with the characterization of service as the primary exposure. For the second model, we restricted the sample to those who reverted to a civilian or undefined status at the time of separation as opposed to retired because they did not have a characterization recorded at their time of separation.
For all models, we examined the Cox proportional hazards regression assumption using graphical methods and goodnessof-fit tests. 23 For descriptive rates and all hazard ratio estimates, we evaluated precision and statistical significance using 99% CIs. We chose to use the more stringent α = .01 given the large size of the cohort and potential for statistical significance of otherwise trivial associations. Given the lack of exposure data between 2007 and 2009, we reestimated all models using December 31, 2007, as the end of the risk window to evaluate the consistency of the hazard ratios. We used a software package (STATA, version 12.1; StataCorp LP) to conduct all statistical analyses. 24 
Results
The final cohort included 3 945 099 service members. A total of 31 962 deaths occurred (of which 5041 were identified as suicides) by December 31, 2009. Table 1 summarizes the distribution of suicide cases, person-years, and crude rates by several demographic characteristics of the cohort. We observed higher crude rates of suicide for service members who were younger, male, not married, and identified as non-Hispanic white, Native American, or unspecified racial/ethnic category. Crude suicide rates were slightly elevated for active component compared with reserve component service members. Service members in the Army and Marine Corps had higher crude rates of suicide than service members from the Air Force and Navy. Finally, consistent with the baseline age pattern for suicide rates, service members in junior enlisted ranks had the highest rate of suicide.
In the total cohort, the hazard function showed that the rate of suicide increased in a largely monotonic fashion ( Figure) . We did not observe any differences in the hazard of suicide between those who had deployed and those who had not ( Table 2 ). This was consistent for both specifications of deployment (any deployment or 1 vs >1 deployment). There was no evidence of effect measure modification as a function of service branch affiliation (likelihood ratio χ 2 3 = 0.97, P = .81 for any deployment and χ 2 6 = 2.04, P = .92 for 1 vs >1 deployment). We observed a substantial increase in the hazard of suicide as a function of separation from service. In the joint effects model, we observed a small increase in the hazard of suicide associated with deployment before separation from service, but it was only marginally statistically significant. For those who had separated from service, the hazard of suicide was high, irrespective of deployment history. In contrast to the deployment models, we observed evidence of heterogeneity by service branch for both the separation from service model (likelihood ratio χ 2 3 = 15.82, P = .001) and the joint effects model (likelihood ratio χ 2 9 = 25.45, P = .003). Table 3 summarizes the results of the 4 main models separately by service branch. Consistent with the results of the likelihood ratio test, the hazard ratios for the 2 deployment models were consistent across service branch and did not indicate an association between deployment and the hazard of suicide. For all 4 service branches, the hazard of suicide increased after separation from service. The smallest hazard ratio was for Marine Corps service members, and the largest hazard ratio was for Navy service members. The results of the joint effects model were similar in kind to those of the overall model, with very small associations with deployment before separation and an elevation in the hazard of suicide for service members after separation from service, irrespective of deployment status. In terms of effect measure modification, the group of service members who deployed and then separated from service had a reversal in the direction of association for the Marine Corps compared with the other service branches. For the same exposure group in the Navy, we saw an increase in the hazard ratio. However, both of these estimates were based on small numbers of suicides.
Given that separation from service carried more evidence as a determinant for the hazard of suicide, we examined characteristics of service at the time of separation as possible explanatory factors. Both time in service and the characterization of service at separation from the military had associations with the hazard of suicide ( Table 4) . We observed a monotonic decrease in the rate of suicide associated with increased time in service. The hazard of suicide for service members who completed between 4 and 20 years of service was approximately half that for service members who only completed up to 1 year of service before separation. Among the service members who reverted to a civilian status at separation, we examined the characterization of the separation. Compared with service members who left with an honorable characterization, those with characterizations that were not honorable (which includes general/under honorable conditions, bad conduct, other than honorable conditions, and dishonorable) and those with uncharacterized separations (eg, separation initiated following <180 days of military service) 25 had an increased hazard of suicide. We did not observe effect measure modification as a function of service branch for either 
Discussion
To our knowledge, this is the first study designed to examine the association between deployment and suicide among all 3.9 million US military personnel who served during the first 6.25 years of OEF/OIF. These data showed that service members who deployed in support of OEF/OIF were not at increased risk of suicide compared with service members who never deployed in support of these conflicts. The association between deployment and suicide may be complex. Important factors to consider include differences by military service, combat exposure, number of deployments, and combat injuries (among others). We were able to examine some of these variables in the context of this study. None of the military services showed a significantly higher suicide rate among those who had an OEF/ OIF deployment history compared with those who had not deployed. In addition, examining those with 1 deployment or 2 or more deployments separately did not reveal differential results compared with those with no deployments. Service members undergo predeployment health screenings, including mental health screening, to ensure that they are fit to deploy. 26 Therefore, the cohort that deploys may be healthier than the general military population. Future research is needed to address other variables that may influence the complex relationship between deployment and suicide. Additional research with the OEF/OIF cohort may replicate findings from prior war eras that showed increased suicide risk among subgroups of veterans with risk factors such as having mental health conditions or being wounded in combat. 27, 28 These results are consistent with a recent prospective longitudinal study 17 In the total cohort, the hazard function showed that the rate of suicide increased in a largely monotonic fashion. The results of the present study showed that those who separated from military service were at increased risk of suicide compared with those who had not separated. Among those who had separated from service, both those who deployed and those who had not deployed showed similarly elevated risks for suicide. In contrast, in most analyses those who deployed but were not separated did not have higher rates than those who did not deploy and were not separated. tal health problems were more likely to be discharged early and were at elevated risk for unemployment following discharge. We found that service members discharged under not honorable conditions had modestly higher rates of suicide than those discharged under honorable conditions. The Army STARRS 16 reported elevated suicide rates among soldiers who were demoted within the prior 2 years. Additional research is needed to clarify what the circumstances are surrounding early discharges and how these factors may be related to suicide. Protective factors may also differ for some who are discharged early. For example, individuals who separate with a dishonorable discharge are generally not entitled to VA services.
To avoid confusion, we did not use the term veteran to describe those who separated from military service in our cohort. Prior Veterans Health Administration (VHA) studies [32] [33] [34] typically define veterans as those individuals who are eligible for VA benefits, including some individuals who are still serving in the reserve component. Our findings are similar to prior research on US veteran populations from prior war eras. Such research indicated that, when veterans are considered as a whole, their rate of suicide was not significantly elevated compared with that of the general population. 33 More recent research on VHA patients shows a 42% to 66% increase in suicide rates compared with control subjects, 35, 36 but these studies did not include the majority of veterans who do not access VHA services. 9 Veterans who seek care from the VHA likely represent a vulnerable subpopulation. A strength of the present research is that it provided suicide risk estimates inclusive of the entire population of veterans within our study cohort. Additional research is needed to describe deployment risk among veterans eligible for VHA benefits.
The multifaceted and idiosyncratic nature of suicide renders suicide prevention a complex challenge. Taken as a whole, this study suggests that the deployed OEF/OIF cohort is not at increased suicide risk compared with the nondeployed OEF/ OIF cohort members. We did not have access to data on combat exposure or mental health status. Because combat experiences and postdeployment mental health concerns vary widely among the deployed cohort, additional research is needed to inform related prevention efforts. Our findings indicate that preventionists should consider opportunities to intervene among those who separate from service early, especially those with less than 4 years of service.
Strengths of this study include a comprehensive analysis of suicide in relation to deployment among a very large, well-defined military cohort that served during OEF/OIF. Limitations include the use of death certificates to classify suicides, which may result in a misclassification bias. 37 However, this is a widely used and accepted approach to classifying suicides. 38, 39 It is possible that suicides were underestimated because some service members with suicidal intentions may place themselves in harm's way. In addition, some time-varying covariates (eg, marital status) used baseline values given a lack of temporal precision in changes over time. However, for marital status we were able to account for a change in status that was recorded before separation from service.
Conclusions
In summary, the accelerated rate of suicide among members of the US Armed Forces and veterans in recent years is concerning. Although there has been speculation that deployment to the OEF/OIF combat theaters may be associated with military suicides, the results of this research do not support that hypothesis. Future research is needed to examine combat injuries, mental health, and other factors that may increase suicide risk. It is possible that such factors alone and in combination with deployment increase suicide risk.
